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Introduction 


Mutation  of  the  p53  gene  is,  at  present,  the  most  frequently  reported  genetic  defect  in 
human  cancer.  While  normally  present  at  very  low  levels  owing  to  its  short  half-life,  in  response 
to  DNA  damage  p53  accumulates  to  high  levels  that  effect  either  a  Gj  cell  cycle  arrest  or 
apoptosis  (Maltzman  and  Czyzyk,  1984;  Kastan  et  al,  1991;  Kuerbitz  et  ah,  1992;  Lin  et  ah, 
1992;  Lowe  et  ah,  1993).  A  Gj  arrest  would  presumably  allow  time  for  DNA  repair  to  occur 
prior  to  entry  into  S  phase  and  DNA  replication.  The  genetic  damage  that  might  otherwise 
initiate  tumorigenesis  is  thereby  either  repaired  or  eliminated.  Wild-type  p53  has  also  been  shown 
to  be  a  sequence-specific  DNA-binding  protein  (Kern  et  ah,  1991)  that  can  activate  transcription 
from  promoters  containing  p53 -binding  sites  (Kern  et  ah,  1992),  presumably  by  virtue  of  its 
association  with  the  TATA-binding  protein  (TBP)  (Seto  et  ah,  1992;  Liu  et  ah,  1993;  Martin  et 
ah,  1993;  Chen  et  al.,  1993;  Deb,  S.  P.  et  ah,  1994).  The  vast  majority  of  p53  mutations  are 
single  amino  acid  substitutions  within  the  domain  responsible  for  sequence-specific  DNA-binding 
and  mutant  proteins  are  defective  at  this  property  (Kern  et  ah,  1991).  p53  might  therefore 
mediate  tumor  suppression  by  activating  the  expression  of  genes  involved  in  apoptosis,  cell  cycle 
regulation,  or  DNA  repair. 

One  such  gene  expresses  the  major  p53-induced  transcript  detected  in  a  system  where  a 
wild-type  p53  gene  which  had  been  placed  under  the  regulated  control  of  a  hormone  response 
element  (El-Deiry  et  ah,  1993).  The  gene  encodes  a  21-kDa  protein  (p21,  WAF-1,  or  CIPl),  that 
acts  as  an  inhibitor  of  cyclin/cyclin-dependent  kinase  (Cdk)  complexes  (Harper  et  ah,  1993).  The 
Gi  cell  cycle  arrest  that  wild-type  p53  generates  in  response  to  DNA  damage  may  therefore  be 
mediated  by  an  inhibition  of  the  cyclin  D/Cdk  and  cyclin  E/Cdk  complexes  needed  for  progression 
into  S  phase.  p53  has  also  been  shown  to  activate  expression  of  the  growth  arrest  and  DNA 
damage-inducible  gene,  GADD45  (Kastan  et  ah,  1992). 
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While  p21  may  directly  mediate  the  p53 -dependent  Gj  arrest  that  occurs  in  response  to 
DNA  damage,  evidence  for  an  effector  of  p53 -dependent  apoptosis  has  been  provided  with  the 
observation  that  p53  can  activate  the  expression  of  Bax,  a  heterodimeric  partner  and  dominant 
inhibitor  of  Bcl-2  (Miyashita  et  al,  1994).  Bcl-2  had  previously  been  shown  to  block  p53- 
dependent  apoptosis  (Wang  et  al.,  1993b),  and  the  ratio  of  Bcl-2  to  Bax  may  determine  the 
relative  susceptibility  of  cells  to  stimuli  that  induce  apoptosis  (Oltvai  et  al,  1993). 

p53  also  activates  the  expression  of  thrombospondin- 1  (TSP-1),  an  inhibitor  of 
angiogenesis  (Dameron  et  al,  1994).  Angiogenesis  is  the  generation  of  new  capillaries  from 
existing  venules,  and  solid  tumors,  which  must  develop  a  vasculature  in  order  to  grow  and 
metastasize  efficiently,  are  potently  angiogenic.  Wild-type  p53  might  therefore  mediate  tumor 
suppression  by  inhibiting  this  essential  feature  of  neoplastic  progression. 

Given  its  pivotal  role  in  tumor  suppression,  it  is  not  altogether  surprising  that  p53  may  also 
regulate  its  own  expression  and  activity.  In  what  appears  to  be  both  positive  and  negative 
autoregulatory  mechanisms,  p53  activates  expression  of  its  own  gene  (Deffie  et  al,  1993),  and 
the  mdm2  oncogene  (Barak  et  al,  1993;  Wu  et  al,  1993).  The  MDM2  oncoprotein  binds  to  the 
N-terminal  transcriptional  activation  domain  of  p53  and  inhibits  p53-mediated  transactivation 
(Momand  et  al,  1992;  Brown  et  al,  1993;  Oliner  et  al,  1993). 

While  p53-mediated  transactivation  of  p21,  GADD45,  Bax,  TSP-1,  p53  and  MDM2 
expression  has  been  verified,  the  search  continues  for  other  genes  that  may  be  activated  by  p53.  It 
was  previously  demonstrated  that  wild-type  human  p53  can  transactivate  the  human  EGFR 
promoter  in  a  dose-dependent  manner  in  Saos-2  cells  (Deb,  S.  P.  et  al,  1994).  EGFR  is  a 
transmembrane  glycoprotein  with  an  extracellular  EGF-binding  domain  and  an  intracellular 
protein  tyrosine  kinase  domain.  EGF  stimulates  cell  proliferation  by  directly  activating  EGFR, 
leading  to  signal  transduction  through  an  intracellular  cascade  of  second  messengers.  A  p53- 
response  element  on  the  EGFR  promoter  was  mapped  by  deletion  analysis  to  the  region  from  - 
569  to  -104,  relative  to  the  translational  start  site  (Deb,  S.  P.  et  al,  1994).  In  this  study  further 
analysis  has  identified  the  27-base  pair  region  from  -265  to  -239  as  the  p53-binding  site/response 
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element.  This  region  may  be  particularly  relevant  to  the  regulation  of  EGFR  transcription  as  it 
overlaps  the  binding  sites  for  both  positive  (ETF)  (Kageyama  et  al.,  1988)  and  negative  (GCF) 
(Kageyama  and  Pastan,  1989)  regulators  of  EGFR  promoter  activity,  and  contains  the  most  5'  of 
the  EGFR  in  vivo  transcriptional  start  sites  (Ishii  et  al.,  1985;  Haley  et  al.,  1987). 
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*  I 


Materials  and  Methods 

DNA  plasmids.  The  p53-cWT  expression  plasmid  contains  a  wild-type  human  p53 
cDNA  under  the  regulation  of  the  human  cytomegalovirus  (CMV)  immediate-early  promoter  in 
the  pCMV-Bam  expression  vector  (Hinds  et  al,  1990;  Subler  et  al.,  1992)  (donated  by  Arnold  J. 
Levine).  The  series  of  N-  and  C-terminal  deletion  derivatives  of  wild-type  human  p53  was 
generated  as  described  (Subler  et  al,  1994). 

The  chloramphenicol  acetyltransferase  (CAT)  plasmids  utilized  contmn  the  Escherichia 
coli  CAT  gene  under  the  transcriptional  control  of  human  EGFR  promoter  sequences.  The  3'  end 
of  each  of  the  following  EGFR-CAT  constructs  (Johnson  et  al,  1988;  donated  by  Glenn  T. 
Merlino)  is  at  -20,  relative  to  the  EGFR  translational  start  site,  while  the  5*  ends  map  to  the 
following  restriction  sites  and  positions:  pERCAT-1  {Hindi  III,  -1109);  pERCAT-4  {Stu  I,  -911); 
pERCAT-6  {Pvu  II,  -771);  pERCAT-7  {Taq  I,  -569);  pERCAT-8  {Dde  I,  -490);  pERCAT-9  {Ava 
n,  -389);  and  pERCAT-15  {Ava  I,  -104).  pERCAT-1  (A  -404  to  -152)  is  an  internal  promoter 
deletion  of  the  region  between  two  Not  I  sites  in  pERCAT-1.  A  second  set  of  5'-deletion 
derivatives  was  generated  by  BAL-31  exonuclease  digestion  to  -320,  -276,  and  -246. 

TATA-CAT  constructs  were  generated  by  cloning  human  EGFR  or  Rb  promoter 
sequences  into  the  Bgl  II  site  upstream  of  the  adenovirus  major  late  promoter  TATA  element  in 
TATA-CAT  (Wang  and  Gralla,  1991).  EGFR  (-265  to  -239),  EGFR-MUT  (-265  to  -239),  and 
Rb  (-88  to  -63)  utilized  synthetic  oligonucleotides  with  the  following  sequences:  EGFR  (-265  to 
-239),  5'-AGCTAGACGTCCGGGCAGCCCCCGGCG-3';  EGFR-MUT  (-265  to  -239), 
5'-AGCTAGACGTCCGTGAAGCACACGGCG-3';  Rb  (-88  to  -63),  5'-AGCTAGAGGACGGG 
GCGTGCCCCGACGTGC-3'.  EGFR  (-320  to  -228)  was  generated  by  BAL-31  deletion  and 
Not  I  digestion. 

Cell  culture  and  transfection.  Human  osteosarcoma  (Saos-2)  cells  were  cultured,  and 
transfected  by  the  calcium  phosphate-DNA  coprecipitation  method,  as  described  previously 
(Subler  a/.,  1992). 
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Chloramphenicol  acetyltransferase  assays.  CAT  assays  were  performed,  and  assay 
results  analyzed,  as  described  previously  (Subler  et  al.,  1992). 

Mobility-shift  and  DNase  I  footprinting  assays.  Wild-type  and  mutant  (28 IG)  human 
p53s  were  expressed  by  recombinant  baculoviruses  and  purified  by  immunoaffinity 
chromatography,  as  described  previously  (Martin  et  al,  1993). 

Results 

Localization  of  a  wild-type  p53-response  element  within  a  285-base  pair  segment  of 
the  EGFR  promoter.  To  determine  the  region  of  the  human  EGFR  promoter  responsive  to 
wild-type  p53,  we  tested  a  series  of  5'  promoter  deletions  which  utilized  restriction  sites  at  -911, 
-771,  -569,  -490,  -389,  and  -104  (Johnson  et  al,  1988;  donated  by  Glenn  T.  Merlino).  Figure  1 
represents  CAT  assays  performed  after  cotransfection  of  Saos-2  cells  with  2.5  pg  of  one  of  the  5'- 
deletion  derivatives,  along  with  5  pg  of  either  the  pCMV-Bam  expression  vector  or  the  wild-type 
human  p53  expression  plasmid.  Whereas  wild-type  p53  activated  all  5'  deletions  to  -389,  it  failed 
to  activate  the  5'  deletion  to  -104.  These  results  suggest  that  a  p53-response  element  is  located 
within  the  285-bp  region  of  the  EGFR  promoter  between  -389  and  -104. 

Mapping  of  the  p53-response  element  to  a  27-base  pair  region  of  the  human  EGFR 
promoter.  To  determine  whether  the  initial  mapping  of  the  p53-response  element  by  5'-deletion 
analysis  of  the  EGFR  promoter  may  have  failed  to  detect  additional  upstream  p5  3 -response 
elements,  an  internal  promoter  deletion  (between  the  -404  and  -152  Not  I  sites  of  pERCAT-1, 
Figure  2)  was  constructed.  As  Figure  3A  indicates,  deletion  of  this  region  almost  completely 
eliminates  wild-type  p5  3 -mediated  transactivation,  suggesting  that  this  region  is  required  for 
transactivation. 

To  further  define  the  p53-response  element,  a  second  set  of  5'-deletion  derivatives  was 
generated  by  BAL-31  exonuclease  digestion  of  the  EGFR  promoter  to  -320,  -276,  and  -246 
(Figure  2).  As  Figure  3B  indicates,  deletion  of  the  region  between  -276  and  -246  almost 
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completely  eliminates  transactivation  by  wild-type  p53,  suggesting  that  this  region  may  contain 
the  p53-response  element.  Upon  comparison  of  the  -276  to  -246  region  of  the  EGFR  promoter 
with  known  p53-binding  sites,  sequence  homology  between  a  p53-binding  site/response  element 
in  the  human  Rb  gene  promoter  (-88  to  -63)  and  the  EGFR  sequence  from  -265  to  -239  was 
noted  (Osifchin  et  al.,  1994)  (Figure  4A).  Moreover,  nine  of  the  ten  G  residues  in  the  human  Rb 
promoter  defined  by  methylation  interference  analysis  as  important  for  p53  binding  are  conserved 
in  the  corresponding  region  of  the  human  EGFR  promoter  (Figure  4A).  The  Rb  sequence  had 
previously  been  shown  to  function  as  a  p53-response  element  when  cloned  upstream  of  the  ElB 
TATA  element.  To  determine  whether  the  homologous  region  (-265  to  -239)  of  the  human 
EGFR  promoter  could  function  similarly,  an  oligonucleotide  containing  this  region  was  cloned 
upstream  of  the  adenovirus  major  late  promoter  TATA  element  in  the  TATA-CAT  construct 
(Wang  and  Gralla,  1991).  As  controls,  the  corresponding  Rb  sequence  (-88  to  -63),  the  EGFR 
region  from  -320  to  -228  (generated  by  BAL-3 1  deletion  and  Not  I  digestion),  and  a  mutated 
version  of  the  EGFR  region  from  -265  to  -239  (EGFR-MUT),  were  all  cloned  into  TATA-CAT. 
EGFR-MUT  contains  four  G->T  and  C^A  transversions  at  positions  corresponding  to  Rb 
residues  defined  by  methylation  interference  analysis  as  important  for  p53  binding.  As  Figure  4B 
indicates,  the  region  of  the  human  EGFR  promoter  from  -265  to  -239  was  responsive  to  wild-type 
p53  in  transfected  Saos-2  cells,  while  the  mutations  in  EGFR-MUT  completely  eliminated  wild- 
type  p53-mediated  transactivation. 

Domain  requirements  for  wild-type  p53-mediated  transcriptional  activation  of  the 
human  EGFR  promoter.  To  determine  the  domains  on  the  wild-type  protein  required  for  p53- 
mediated  transactivation  of  the  human  EGFR  promoter,  a  series  of  N-  and  C-terminal  deletion 
derivatives  was  generated  as  described  (Subler  et  al.,  1994).  Saos-2  cells  were  cotransfected  with 
2.5  pg  of  pERCAT-1  (containing  the  EGFR  promoter  from  -1109  to  -20)  along  with  5  pg  of  a 
plasmid  expressing  either  the  wild-type  human  p53  protein  or  one  of  its  N-  or  C-terminal  deletion 
derivatives  (or  with  5  pg  of  the  pCMV-Bam  expression  vector).  The  results  in  Figure  5  indicate 
that  whereas  the  N-terminal  59  amino  acids  of  p53  (previously  shown  to  bind  to  TBP,  Liu  et  al. 
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1993)  are  required  for  transactivation  of  pERCAT-1,  the  C-terminal  67  residues  (containing  most 
of  the  p53  oligomerization  domain)  are  not  required.  This  corresponds  to  the  domain 
requirements  for  wild-type  p53-mediated  transactivation  of  PG13-CAT,  a  synthetic  promoter 
containing  p53 -binding  sites  (Kern  et  al,  1992;  Subler  et  al,  1994),  and  suggests  that  sequence- 
specific  DNA-binding  is  required  for  wild-type  p5  3 -mediated  transactivation  of  the  human  EGFR 
promoter. 

p53  binds  directly  to  its  EGFR  promoter  response  element.  To  determine  whether 
p53  could  bind  directly  to  its  EGFR  promoter  response  element,  a  mobility-shift  assay  was 
performed  with  baculovirus-expressed  and  immunoaffinity-purified  wild-type  human  p53  (Martin 
et  al,  1993)  and  a  radiolabeled  oligonucleotide  containing  the  EGFR  promoter  sequence  from  - 
265  to  -239.  Figure  6  (lane  1)  indicates  the  presence  of  a  retarded  complex  that  was  eliminated 
by  the  addition  of  specific  competitor  (RGC,  lanes  2  and  3),  but  not  by  addition  of  a  nonspecific 
competitor  (MUT,  lanes  4  and  5).  The  presence  of  p53  in  the  retarded  complex  was  verified  by 
addition  of  the  p53 -specific  monoclonal  antibody  DO-1,  which  further  retarded  the  complex 
(Figure  6,  lane  6);  addition  of  a  control  antibody  (EGFR,  lane  7)  had  no  effect  on  the  p53/DNA 
complex. 

DNase  I  footprinting  with  a  radiolabeled  DNA  fragment  containing  the  EGFR  promoter 
sequence  from  -320  to  -228  indicated  that  purified  wild-type  human  p53  protected  the  region 
from  -266  to  -241,  as  well  as  a  second  shorter  region  from  -237  to  -231  (Figure  7A,  lanes  2  and 
3).  Purified  mutant  p53-281G  did  not  generate  a  footprint  (Figure  7A,  lanes  4  and  5).  No 
additional  areas  of  protection  by  wild-type  p53  were  detected  on  the  larger  region  from  -490  to  - 
20  (pERCAT-8,  data  not  shown),  indicating  complete  correspondence  between  in  vitro  DNA- 
binding  and  in  vivo  transcriptional  activation  assays  in  the  determination  of  the  p53-binding 
site/response  element  on  the  EGFR  promoter.  Sequence  analysis  also  revealed  that  the  protected 
region  from  -266  to  -244  is  actually  a  degenerate  consensus  p53-binding  site,  with  3-bp  spacing 
between  two  decameric  5'-RRRC(A/T)(T/A)GYYY-3'  repeats  and  two  base  substitutions  per 
repeat  (Figure  7B).  Deviation  from  the  consensus  sequence  (El-Deiry  et  al,  1992)  has  been 
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noted  previously  for  other  p53-binding  sites  (El-Deiry  et  al.,  1993;  Wu  et  ah,  1993;  Zambetti  and 
Levine,  1993).  The  mutations  in  EGFR-MUT  that  eliminated  wild-type  p53-mediated 
transactivation  (Figure  4B)  also  eliminated  four  of  the  eight  conserved  (with  respect  to  the 
consensus  sequence)  bases  in  the  3'  decamer  (Figure  7B),  and  presumably  DNA-binding  as  a 
result,  since  two  decamers  are  required  for  binding  (El-Deiry  et  al.,  1992). 
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Conclusions 

Growth  factors  modulate  cell  growth  and  differentiation  via  interaction  with  their 
receptors.  Among  the  growth  factors  that  have  been  widely  studied,  epidermal  growth  factor 
(EGF)  stimulates  cell  proliferation  by  directly  activating  its  receptor  (EGFR)  leading  to  signal 
transduction  through  an  intracellular  cascade  of  second  messengers  (Carpenter  and  Cohen,  1990; 
Fantl  et  al,  1993).  EGFR  is  a  transmembrane  glycoprotein  of  170  kDa  with  an  extracellular 
EGF-binding  domain  and  an  intracellular  protein  tyrosine  kinase  domain  (reviewed  in  Fantl  et  al, 
1993).  EGF,  phorbolesters,  dibutyryl  cyclic  AMP,  dexamethasone,  thyroid  hormone,  and  retinoic 
acid  have  all  been  shown  to  activate  the  human  EGFR  promoter  (Clark  et  al.,  1985;  Hudson  et 
al,  1989).  The  involvement  of  several  controlling  mechanisms  suggests  that  regulation  of  EGFR 
transcription  may  be  critically  important  for  normal  cell  growth  and  proliferation.  Our  recent 
observation  that  several  tumor-derived  human  p53  mutants  can  significantly  activate  the  human 
EGFR  promoter  (Deb,  S.  P.  et  al,  1994)  may  be  relevant  to  the  overexpression  of  EGFR  that  has 
been  detected  in  a  variety  of  tumors  and  transformed  cell  lines. 

In  that  communication  we  also  reported  that  wild-type  human  p53  can  transactivate  the 
human  EGFR  promoter  in  a  dose-dependent  manner.  The  p53-response  element  on  the  EGFR 
promoter  was  mapped  by  deletion  analysis  to  the  region  from  -569  to  -104,  relative  to  the 
translational  start  site.  The  analysis  described  here  has  now  identified  the  27-base  pair  region 
from  -265  to  -239  as  the  p53-response  element.  Cotransfection  of  Saos-2  cells  with  a  second  set 
of  5'-deletion  derivatives  of  the  EGFR  promoter  generated  by  BAL-31  digestion  (to  -320,  -276, 
and  -246)  indicated  that  the  region  between  -276  and  -246  may  contain  the  p53-response  element 
(Figure  3B).  Comparison  of  the  -276  to  -246  region  of  the  EGFR  promoter  with  known  p53- 
binding  sites  revealed  sequence  homology  between  a  p53-binding  site/response  element  in  the 
human  Rb  gene  promoter  (-88  to  -63)  and  the  EGFR  sequence  from  -265  to  -239  (Figure  4A) 
(Osifchin  et  al,  1994).  Furthermore,  nine  of  the  ten  G  residues  in  the  human  Rb  promoter 
defined  by  methylation  interference  analysis  as  important  for  p53  binding  are  conserved  in  the 
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corresponding  region  of  the  human  EGFR  promoter  (Figure  4A).  The  Rb  sequence  had 
previously  been  shown  to  function  as  a  p53-response  element  when  cloned  upstream  of  the  ElB 
TATA  element.  To  determine  whether  the  homologous  region  (-265  to  -239)  of  the  human 
EGFR  promoter  could  function  similarly,  an  oligonucleotide  containing  this  region  was  cloned 
upstream  of  the  adenovirus  major  late  promoter  TATA  element  in  the  TATA-CAT  construct 
(Wang  and  Gralla,  1991).  As  Figure  4B  indicates,  the  region  of  the  human  EGFR  promoter  from 
-265  to  -239  was  responsive  to  wild-type  p53  in  transfected  Saos-2  cells,  while  four  G^T  and  C 
->A  transversions  at  positions  corresponding  to  Rb  residues  defined  by  methylation  interference 
analysis  as  important  for  p53  binding  completely  eliminated  wild-type  p53-mediated 
transactivation.  This  region  may  be  particularly  relevant  to  the  regulation  of  EGFR  transcription 
as  it  overlaps  the  binding  sites  for  both  positive  (ETF,  -250  to  -235)  (Kageyama  et  al.,  1988)  and 
negative  (GCF,  -280  to  -265  and  -245  to  -227)  (Kageyama  and  Pastan,  1989)  regulators  of  EGFR 
promoter  activity,  and  contains  or  borders  the  most  5'  of  the  EGFR  in  vivo  transcriptional  start 
sites  (at  -266  and  -260)  (Ishii  et  al.,  1985;  Haley  et  al.,  1987). 

To  determine  the  domains  on  the  wild-type  protein  required  for  p53-mediated 
transactivation  of  the  human  EGFR  promoter,  a  series  of  N-  and  C-terminal  deletion  derivatives 
was  utilized  (Subler  et  al,  1994).  Cotransfection  of  Saos-2  cells  with  pERCAT-1  (containing 
EGFR  promoter  sequences  from  -1 109  to  -20)  and  the  p53  deletion  derivatives  indicated  that  the 
N-terminal  59  amino  acids  of  p53  (previously  shown  to  bind  to  the  TATA-binding  protein)  are 
required  for  transactivation  of  pERCAT-1,  while  the  C-terminal  67  residues  (containing  most  of 
the  p53  oligomerization  domain)  are  not  required  (Figure  5).  The  C-terminal  deletion  to  amino 
acid  277,  deleting  part  of  conserved  domain  V,  eliminated  p53-mediated  EGFR  promoter 
transactivation.  This  is  presumably  due  to  the  loss  of  sequence-specific  DNA-binding,  as  the 
domain  responsible  for  this  function  (residues  91-307)  encompasses  conserved  domains  II 
through  V  (Pavletich  et  al.,  1993;  Wang  et  al.,  1993;  Bargonetti  et  al.,  1993).  These 
requirements  correspond  to  the  domain  requirements  for  wild-type  p53 -mediated  transactivation 
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of  PG]3-CAT,  a  synthetic  promoter  containing  p53-binding  sites  (Kern  et  al,  1992;  Subler  et  al, 
1994),  and  suggest  that  wild-type  p53  may  bind  its  EGFR  response  element  directly. 

To  determine  whether  p53  could  bind  directly  to  its  EGFR  promoter  response  element,  a 
mobility-shift  assay  was  performed  with  baculovirus-expressed  and  immunoaffinity-purified  wild- 
type  human  p53  (Martin  et  al,  1993)  and  a  radiolabeled  oligonucleotide  containing  the  EGFR 
promoter  sequence  from  -265  to  -239.  Figure  6  (lane  1)  indicates  the  presence  of  a  retarded 
complex,  that  was  eliminated  by  the  addition  of  specific  competitor  (RGC,  lanes  2  and  3),  but  not 
by  addition  of  a  nonspecific  competitor  (MUT,  lanes  4  and  5).  The  presence  of  p53  in  the 
retarded  complex  was  verified  by  addition  of  the  p53-specific  monoclonal  antibody  DO-1,  which 
further  retarded  the  complex  (Figure  6,  lane6);  addition  of  a  control  antibody  (EGFR,  lane?)  had 
no  effect  on  the  p53/DNA  complex. 

DNase  I  footprinting  with  a  radiolabeled  DNA  fragment  containing  the  EGFR  promoter 
sequence  from  -320  to  -228  indicated  that  purified  wild-type  human  p53  protected  the  region 
from  -266  to  -241,  as  well  as  a  second  shorter  region  from  -237  to  -231  (Figure  7A,  lanes  2  and 
3).  Purified  mutant  p53-281G  did  not  generate  a  footprint  (Figure  7A,  lanes  4  and  5).  No 
additional  areas  of  protection  by  wild-type  p53  were  detected  on  the  larger  region  from  -490  to  - 
20  (pERCAT-8,  data  not  shown),  indicating  complete  correspondence  between  in  vitro  DNA- 
binding  and  in  vivo  transcriptional  activation  assays  in  the  determination  of  the  p53-binding 
site/response  element  on  the  EGFR  promoter.  Sequence  analysis  also  revealed  that  the  protected 
region  from  -266  to  -244  is  actually  a  degenerate  consensus  p53-binding  site,  with  3-bp  spacing 
between  two  decameric  5'-RRRC(A/T)(T/A)GYYY-3'  repeats  and  two  base  substitutions  per 
repeat  (Figure  7B).  Deviation  from  the  consensus  sequence  (El-Deiry  et  al,  1992)  has  been 
noted  previously  for  other  p53-binding  sites  (El-Deiry  et  al,  1993;  Wu  et  al,  1993;  Zambetti  and 
Levine,  1993).  The  mutations  in  EGFR-MUT  that  eliminated  wild-type  p53-mediated 
transactivation  (Figure  4B)  also  eliminated  four  of  the  eight  conserved  (with  respect  to  the 
consensus  sequence)  bases  in  the  3'  decamer  (Figure  7B),  and  presumably  DNA-binding  as  a 
result,  since  two  decamers  are  required  for  binding  (El-Deiry  et  al,  1992). 
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As  mentioned  earlier,  the  high  levels  of  wild-type  p53  that  accumulate  in  response  to  DNA 
damage  can  effect  either  a  Gj  cell  cycle  arrest  or  programmed  cell  death  (apoptosis)  (Maltzman 
and  Czyzyk,  1984;  Kastan  et  al,  1991;  Kuerbitz  et  al,  1992;  Lin  et  al,  1992;  Lowe  et  al,  1993). 
p53  is  therefore  considered  to  be  a  negative  regulator  of  cell  proliferation.  However,  earlier 
studies  using  p53  antibodies  or  antisense  p53  RNA  indicated  that  wild-t3T)e  p53  may  be  required 
for  cell  proliferation  (Mercer  et  al,  1984;  Shohat  et  al,  1987).  To  confirm  the  significance  of 
p53-mediated  EGFR  promoter  transactivation,  it  will  be  necessary  to  demonstrate  increased 
EGFR  mRNA  and  protein  levels  upon  p53  overexpression.  In  any  event,  as  EGFR  is  known  to 
acquire  oncogenic  properties  when  its  structure  or  regulation  becomes  disrupted  (Haley  et  al, 
1987;  Stoscheck  and  King,  1986;  Velu  et  al,  1987),  transactivation  by  wild-type  p53  may 
represent  a  novel  mechanism  of  cell  growth  regulation. 

Future  work  will  focus  on  determining  the  role  of  wild-type  p53  transactivation  of  the 
endogenous  EGFR  promoter  and  further  characterization  of  mutant  p53  transactivation  of  the 
EGFR  promoter  (Deb,  S.P.  et.al.,  1994). 
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Figure  1.  Localization  of  a  wild-type  p53-response  element  within  a  285-base  pair  segment 
of  the  human  EGFR  promoter.  The  top  panel  represents  the  series  of  5'-deletion  derivatives  of 
the  EGFR  promoter  utilized.  The  restriction  sites  used  to  generate  the  deletions  are  indicated. 
The  bottom  panel  consists  of  CAT  assays  performed  after  cotransfection  of  Saos-2  cells  with  the 
indicated  EGFR  promoter-CAT  constructs,  along  with  either  the  pCMV-Bam  expression  vector 
or  the  wild-type  human  p53  expression  plasmid.  The  results  indicate  the  presence  of  a  p53- 
response  element  within  the  region  from  -389  to  -104. 
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-544  GGGAC  CGGGTCCAGA 
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CTGGCCTTGG  GTCCCCGCTG 
Ava  II 


CTGGTTCTCC  TCCCTCCTCC  TCGCATTCTC  -350 


-320 


CTCCTCCTCT  GCTCCTCCCG  ATCCCTCCTC  CGCCGCCTGG  TCCCTCCTCC  -300 


TCCCGCCCTG  CCTCCCcGCG 

-246 

> 

AGCCCCCGGC  GCAGCGCGGC 
Rb  homology  Not 

AGCGCCCGCC  gCGgCCGAGG 


-276  -266  -260 

>  I  '!■ 

CCTCGGCCCG  CGCGAGCTAG  ACGTCCGGGC 

Rb  homology 


-250 


CGCAGCaGCC  TCCGCCCCCC  GCACGGTGTG  -200 
I 

CGGCCGGAGT  CCCGAGCTAG  CCCCGGCGGC  -150 

Not  I 


cGCCGCCGCC  CAGACCGGAC 


GACAGGCCAC  CTCGTCgGCG  TCCGCCCGAG 

Ava  I 


-100 


-99  TCCCCGCCTC  GCCGCCAACG  CCACAACCAC  CGCGCACGGC  CCCCTGACTC  -50 
-49  CGTCCAGTAT  TGATCGGGAG  AGCCGGAGCG  -20 
Figure  2.  DNA  sequence  of  the  human  EGFR  promoter  from  -544  to  -20,  relative  to  the 
translational  start  site.  Ava  II,  Dde  I,  Not  I,  and  Ava  I  restriction  sites  are  shown.  Letters  in 
small  case  indicate  bases  absent  from  a  previously  published  sequence,  which  also  had  a  T  (rather 
than  C)  at  position  -255  (Johnson  et  al.,  1988a).  Arrowheads  at  -320,  -276,  and  -246  represent 
the  5*  ends  of  the  promoter  derivatives  generated  by  B  AL-3 1  deletion.  Arrows  at  -266  and  -260 
represent  the  most  5'  of  the  EGFR  in  vivo  transcriptional  start  sites  (Ishii  et  al.,  1985;  Haley  et  al., 
1987).  The  region  from  -265  to  -239  possessing  homology  to  the  p53-binding  site/response 
element  in  the  human  Rb  promoter  is  underlined. 
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Figure  3.  Finer  mapping  of  the  p53-response  element  on  the  human  EGFR  promoter.  A. 
Internal  EGFR  promoter  deletion.  An  internal  promoter  deletion  of  the  region  between  the  - 
404  and  -152  Not  I  sites  of  pERCAT-1  almost  completely  eliminates  wild-type  p53-mediated 
transactivation,  demonstrating  that  this  region  is  required  for  transactivation.  B.  BAL-Sl  5' 
EGFR  promoter  deletions.  Cotransfection  of  Saos-2  cells  with  a  second  set  of  5'-deletion 
derivatives  of  the  EGFR  promoter  generated  by  BAL-31  digestion  (to  -320,  -276,  and  -246) 
indicates  that  the  region  between  -276  and  -246  may  contain  the  p53-response  element.  The  3' 
end  of  each  promoter  derivative  is  at  -20. 


t  a  a  a 

EGFR  -265  AGCTAGACGTCCGGGCAGCCCCCGGCGCAG  -236 
*******  *  *  ****  *****  ** 

Rb  AGCTAGAGGACGGGGCGTGCCCCGACGTGC  -63 


TATA-  EGFR  EGFR  EGFR-MUT  Rb 
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Figure  4.  (A)  Sequence  comparison  of  the  EGFR  and  Rb  promoter  p53-response  elements. 

Asterisks  indicate  sequence  identity.  Arrowheads  point  to  the  10  G  (or  C  on  complementary 
strand)  residues  of  the  Rb  promoter  p53 -response  element  determined  by  methylation  interference 
to  be  important  for  p53  binding.  Letters  in  small  case  indicate  the  G-^T  and  C->A  mutations  in 
the  EGFR-MUT  construct.  (B)  The  27-base  region  (from  -265  to  -239)  of  the  human  EGFR 
promoter  is  responsive  to  wild-type  p53  when  cloned  upstream  of  a  TATA  element.  To 
determine  whether  the  EGFR  promoter  region  from  -265  to  -239  (possessing  sequence 
homology  with  a  p53-binding  site/response  element  in  the  human  Rb  promoter)  could  function  as 
a  p53 -response  element  when  cloned  upstream  of  a  minimal  heterologous  promoter,  an 
oligonucleotide  containing  this  region  was  cloned  upstream  of  the  adenovirus  major  late  promoter 
TATA  element  in  the  TATA-CAT  construct  (Wang  and  Gralla,  1991).  As  controls,  the 
corresponding  Rb  sequence  (-88  to  -63),  the  EGFR  region  from  -320  to  -228  (generated  by  BAL- 
3 1  deletion  and  Not  I  digestion),  and  a  mutated  version  of  the  EGFR  region  from  -265  to  -239 
(EGFR-MUT),  were  all  cloned  into  TATA-CAT.  Cotransfection  of  Saos-2  cells  with  5  pg  of 
either  the  pCMV-Bam  expression  vector  or  the  wild-type  p53  expression  plasmid,  along  with  2.5 
pg  of  either  TATA-CAT  or  one  of  its  derivatives  indicated  that  the  region  of  the  human  EGFR 
promoter  from  -265  to  -239  is  responsive  to  wild-type  p53. 
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Figure  5.  Domain  requirements  for  wUd-type  p53-mediated  transcriptional  activation  of 
the  human  EGFR  promoter.  To  determine  the  domains  on  the  wild-type  protein  required  for 
p53-mediated  transactivation  of  the  human  EGFR  promoter,  a  series  of  N-  and  C-terminal 
deletion  derivatives  was  generated  as  described  (Subler  et  al.,  1994b).  Saos-2  cells  were 
cotransfected  with  2.5  pg  of  pERCAT-1  (containing  the  EGFR  promoter  from  -1109  to  -20) 
along  with  5  pg  of  a  plasmid  expressing  either  the  wild-type  human  p53  protein  or  one  of  its  N- 
or  C-terminal  deletion  derivatives  (or  with  5  pg  of  the  pCMV-Bam  expression  vector).  The 
domains  required  for  p53-mediated  transactivation  of  the  human  EGFR  promoter  correspond  to 
those  required  for  transactivation  of  PG13-CAT  a  synthetic  promote  containing  p53-binding  sites 
(Kern  et  ai,  1992;  Subler  et  al.,  1994b). 
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Figure  6.  Wild-type  human  p53  binds  to  the  human  EGFR  promoter.  The  EGFR 
promoter  (-263  to  -234)  was  labeled  with  y[^2p]  ATP  and  was  incubated  with 
immunopurified  p53  as  described  in  Materials  and  Methods.  The  protein-DNA  complexes 
were  resolved  in  a  native  5%  polyacrylamide  gel  and  autoradiographed.  All  lanes  received 
equal  amounts  of  immunopurified  pS3.  Lane  1  was  without  competitor,  lanes  2  and  3 
were  with  100  and  200  ng  of  double-stranded  oligonucleotides  corresponding  to  wild-type 
p53-binding  site  (Kern  et.al.,  1992)  as  described  in  Materials  and  Methods,  lanes  3  and  4 
were  with  100  and  200  ng  of  double-stranded  oligonucleotides  with  mutated  binding  sites, 
lane  6  was  with  1  ul  of  anti-p53  antibody  (DO-1,  Santa  Cruz  Biotech.  Inc.)  and  lane  7  was 
with  1  ul  of  a  nonspecific  monoclonal  antibody  (anti-EGFR  antibody.  Oncogene  Science). 
EMSA  indicates  that  the  oligonucleotides  with  wild-type  p53-binding  site  sequence 
competed  but  not  those  with  mutant  sequences  indicating  that  the  binding  is  sequence 
specific. 
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Figure  7.  DNase  I  footprint  of  human  wild-type  p53  on  the  human  EGFR  promoter. 


DNase  I  footprinting  was  carried  out  with  the  immunopurified  wild-type  p53  and  mutant 


p53-281G  as  described  in  Materials  and  Methods.  Lane  1  recieved  100  ng  BSA,  lanes  2 


and  3  were  with  50  and  100  ng  of  immunopurified  wild-type  human  p53,  lanes  4  and  5 


were  with  immunopurified  p53-281G  protein.  The  G+A  sequencing  ladder  was  carried 


out  in  parallel  and  is  represented  by  nucleotide  positions  on  the  left.  Wild-type  p53 


protects  sequences  from  -266  to  -23 1 . 


